Fish community structure was assessed in six wetlands using cast nets, to correlate with environmental variables with diversity and distribution patterns, from 2010 to 2012. A total of 2,239 individuals belonging to 44 species and 1,938 individuals belonging to 40 species were sampled in the dry and wet seasons. Mochokid and Mormyrid families dominated fish community and constituted 14.8%, respectively, followed by Alestids (12.9%) and Chlariids (11.1%). Rarer taxons were centropomids, channids, malapteruds, and oesteoglossids and represented 1.9%, respectively. Overall, CPUE per net did not vary significantly (Tukey HSD test, = 0.27) in the dry and wet seasons. Wuntori marsh consistently showed dominance in mean monthly CPUE per net (dry = 115 ± 4.5; wet = 107 ± 7.7 seasons), while Bunglung constructed wetland was the least recorded (dry = 56.5 ± 6.2; wet = 58.3 ± 4.1 seasons). Fish diversity and richness differed significantly ( = 0.11, = 0.03) among seasons. Environmental disturbances were season-specific and did not differ significantly ( = 0.16, df = 14, = 0.97) among sites. A DCA ordination explained 69% variability in fish distribution patterns, while PCA showed that 81.8% of nitrate-nitrogen, phosphate, and grazing intensity on axis 1 and conductivity, temperature, and turbidity on axis 2 influenced fish community structure. Wetland conservation must be promoted to sustain fish abundance and overall ecosystem stability.
Introduction
The formation of freshwater systems thousands of years ago initially guided the fish assemblage and distribution patterns that we observe today [1] . However, human activities have largely altered aquatic landscapes through resource exploitation and other impacts. The Millennium Ecosystem Assessment Report [2] estimated that about 20% of the world's 10,000 freshwater fish species are listed as threatened, endangered, or extinct in the last few decades, partly due to human-led activities. The decline in fish populations is attributed to degradation in water quality [3] [4] [5] and periodic phenomena of low-flows and floods, habitat complexity, and agricultural and urban land use [6, 7] . Menzel et al. [8] explained how agriculture activities have had multiple effects on Great Plains streams in the US, including increased turbidity, siltation, and nutrients through soil erosion and irrigation return flows. Erosion and sediment alter substrate characteristics, leading to a decrease in fish species that require clean gravel for spawning [9] . These disturbances on wetland systems may lead to changes in fish community composition and spatial distribution. Variability in fish assemblages is generally influenced by landscape features [10] , stream size, and elevation [11] and stocking of economically important exotic/invasive fishes (e.g., brown trout, grayling, carp, and pike) [12] (Pivnička and Humpl, 2004) .
Ansari et al. [13] showed how fish species segregate into seasonal groups, as a result of changes in physicochemical parameters, such as salinity, temperature, and dissolved oxygen concentration. The vulnerability of fish from 2 International Journal of Ecology the slightest disturbances in their environment is due to the intimate contact of the skin and gills with the surrounding water [14] .
Ghana's water resources have been under increasing threat of pollution in recent years due to rapid demographic changes, which have coincided with the establishment of human settlements lacking appropriate sanitary infrastructure [15] . The rising demand for fish and other resources, due to increase in impoverished population in communities close to wetland areas of Northern Region of Ghana, has partly contributed to widespread environmental disturbances. For instance, the use of dynamite as one illegal method of fishing depletes water quality and renders it unwholesome for domestic use and impairs aquatic life. These disturbances are seasonal-specific (i.e., wet and dry seasons) and fish responses vary by season and spatiotemporal scales. Given the high conservation concern of wetlands in Northern Region of Ghana [16] , the wise use of these ecosystems, which involves the maintenance of ecological integrity and sustainable exploitation of fish, for the continuous benefit to current and future generations, must be given critical attention.
Researchers in the fisheries field are acutely conscious of the overfishing problem associated with the unregulated or poorly regulated common-use conditions that have prevailed in most fisheries [17] . Many industrialized countries have management regimes for introduced fisheries designed to curb overexploitation and produce better net returns from the fishery, but with modest success. Attempts to manage fisheries in developing countries have been much weaker and most often have had little effect [17] . Thus, fisheries management must be of priority concern, especially to rural communities whose livelihood largely depends on the availability of fish resource.
Understanding the factors influencing seasonal variations on fish community structure, diversity and spatial distribution in Northern Region of Ghana, remains poor. Although native fishermen have observed reduction in fish composition and distribution in recent times, the observed seasonal changes have not been sufficiently investigated to establish the cause of these trends. This study attempts to apply multivariate techniques to establish the environmental determinants influencing the seasonal changes on fish community structure and distribution in six selected wetlands in the Northern Region of Ghana. Our main objective is to (1) quantify fish diversity and (2) examine the responses of fish community composition and spatial distribution to major environmental factors in the six different wetland types.
Materials and Methods
The study was in six wetlands located in the Northern Region of Ghana, with their coordinates as follows: (i (Figure 1 ). All six sites lie on the extensive floodplain along the course of the White Volta River, which has become incised and modified through meandering and aligning along various topographic features. This has led to the development of streams that have diverted from the main White Volta [18] . All six wetlands were classified as close shallow marshes (Wuntori and Tugu wetlands), open deep marsh (Kukobila wetland), riparian wetlands (Adayili and Nabogo wetlands), and an artificial wetland (Bunglung wetland). The hydrological regimes of the six wetlands were typical of permanent wetlands, whose depth at low tide did not exceed 2 m on average. Area of the wetlands was quantified through on-screen digitizing of Landsat aerial images, obtained from Google Earth (October, 2012): (a) Wuntori = 7.7 ha; (b) Kukobila = 5 ha; (c) Tugu = 2.7 ha; (d) Nabogo = 7.9 ha; (e) Adayili = 6.7 ha; and (f) Bunglung = 11.5 ha. Annual rainfall ranges from 1000 to 1,300 mm per annum and the wet season from June to early October, while the dry season lasts from November to May. Average air temperature varies between 14 ∘ C and 40 ∘ C (Slaymaker and Blench, 2002) . Altitude ranges between 108 and 138 meters above mean sea level. The vegetation cover is a mixture of grassland dominated by Leersia hexandra and woodland dominated by Mahogany (Khaya senegalensis) and shea tree (Vitellaria paradoxa) interspersed with shrubby communities of Mitragyna inermis and Ziziphus abyssinica. The trees are relatively short with thick bark and occlusions, signifying their adaptation to the cyclical dry season bush fires. Crop farming, livestock rearing, and fishing are the main activities among the inhabitants.
Fish and Water Quality Sampling
Procedure. Since one of the objectives of this study was to quantify fish diversity, richness, and abundance, fish were sampled using cast nets of 3 cm mesh size and 5 m radius. Sampling commenced from November to February in the dry season and from July to October in the wet season (2010) (2011) (2012) . Each of the six wetlands (Wuntori, Kukobila, Tugu, Adayili, Nabogo, and Bunglung) was sampled four times each month (once per week), between 08 and 1300 hours. Five net throws per hour of sampling effort were carried out in each site. The total of sampling hours of net throws per site was four hours. Fish were identified in situ to species, with keys developed by Dankwa et al. [19] and Paugy et al. [20] . Species that could not be identified were placed in marked transparent wash bottles, containing formalin solution and sent to the Water Research Institute (WRI) in Tamale, Northern Region of Ghana, for identification.
A total of 11 physicochemical parameters and four anthropogenic factors were determined at all sites on the same day of fish collection. They included pH, turbidity, water temperature, conductivity, TDS, nitrate-N (NO 3 -N), phosphate (PO 4 ), ammonia (NH 4 -N), calcium, magnesium, dissolved oxygen, fire, grazing intensity, erosion, and local farming activities. Water samples were collected monthly (in dry and wet seasons), using a clean polyethylene bottle, at three sample stations: upper, mid, and downstream over a 2-year period. With the exception of pH and water temperatures that were measured in situ using a portable pH meter and mercury-in-glass thermometer, respectively, the remaining samples were stored in ice chest and transported Four environmental drivers of change or disturbance were bushfire, farming activities grazing, and erosion. Drivers were assessed to determine the severity of these threats on birds' habitat, since bird abundance and diversity are largely influenced by habitat quality. The hierarchical classification of these threats was comprehensive (containing all possible items, at least at higher levels of the hierarchy), consistent (ensuring that entries at a given level of the classification are of the same type), expandable (enabling new items to be added to the classification if they are discovered), and exclusive (allowing any given item to only be placed in one cell within the hierarchy) [22] . A score ranging from 1 to 4 (1 is the least impact and 4 the highest impact) was used to assess scope and severity of every threat. For "scope" we referred to the percentage ratio of the study area affected by a specific threat within the last 5 years (where 100% correspond to total site area: ha) [23] . The scores were assigned as follows: 4: the threat is found throughout (50%) the site area; 3: the threat is spread in 15-50% of the study area; 2: the threat is scattered (5-15%); and 1: the threat is localized (<5%). Assessment of the disturbed area was carried out within a 1.2 km radius starting from the hydric delineated zone of the wetland. This was because all land use activities assessed were observed within the stated radius following a preliminary survey of the wetlands.
Statistical Analysis.
The Shannon-Weiner index was calculated to determine the current status of fish community composition. Shannon-Weiner index equation is expressed as
(see [24] ) where is the number of species and is the proportion of individuals or the abundance of the th species expressed as a proportion of the total cover and ln is a natural logarithm (Shannon and Wiener, 1963 ). Margalef 's index ( ) of species richness that controls for sample size was calculated as
(see [25] ), where is the number of species, ln is a natural logarithm, and is the number of sites. A one-way ANOVA was applied to test for the differences in species diversity and species richness among the six wetlands, using SPSS version 20. A Kruskal-Wallis test was applied to test the differences in the mean of the diversity indices between riparian wetlands and the marshes. We used detrended correspondence analysis (DCA) (an indirect ordination method of gradient analysis), to identify the strongest gradients of fish assemblage variation across the six wetlands. This was followed by principal component analysis (PCA) ver. 1.41 [26] , to evaluate the variability in assemblage structure, diversity, and preferred wetland type in relation to the environmental variables. DCA was used primarily to determine the compositional variation of fish species in the respective wetlands, while PCA was performed to examine the relationship between fish species distribution and associated environmental gradients or variables. DCA techniques have the ability to handle large, complex data sets and uncover long ecological gradients, as well as help in data reduction and exploration [27, 28] . Environmental variables were log 10 transformed when their variances were much larger than their means. This was followed by a one-way ANOVA test to determine whether environmental variables differed significantly among all sites. A Monte Carlo permutation test (9999 permutations) was used to test for the significance of the eigenvalues generated by the first three axes in the analyses of fish assemblage structure to environmental variables.
Results
Overall, 2,239 individuals from 44 species and belonging to 16 families were sampled in the dry season, while 1,938 individuals belonging to 40 species and from 12 families were identified during the wet season (Tables 1 and 2 ). Wuntori marsh contained the highest fish abundance in the dry season, closely followed by Adayili and Nabogo riparian systems and the lowest abundance was from Bunglung constructed wetland (Table 1) . Similar patterns in species abundance were found in the six sites during the wet season. Fishes in the family Mochokidae were the most abundant and constituted 15.4% of the taxon, followed by Alestids (13.4%) and Clariids (11.5%) ( effort per net (CPUE) was consistently highest in Wuntori marsh, while the lowest CPUE was in Tugu and Bunglung constructed wetland (Figure 2) .
Overall, CPUE did not vary significantly (Tukey HSD test, = 0.27) in the dry and wet seasons (Figure 2 ). Fish diversity and richness marginally differed in the six sites ( = 0.11, = 0.03) in the dry ( = 2.395±0.366; = 2.395±0.366) and wet seasons ( = 2.354 ± 0.738; = 2.354 ± 0.738) (Figures 3 and  4) . Trends in diversity and richness reflect in the resilience of each site to environmental disturbances. However, from individual sites, Wuntori ( = 2.7) and Adayilli ( = 2.6) wetlands were significantly diverse and species rich ( < 0.05), compared to Bunglung constructed wetland ( = 2.0).
General Trends in Fish Structural Distribution in the Six
Wetlands. The first two axes of the DCA (axis 1 = 42% and axis 2 = 27%) jointly explained 69% of fish spatially varied distribution in the six sites ( Figure 5 ). Fish community structure separated into three groups, as a result of habitat-specific conditions ( Figure 5 ). Group 1 species from Bunlung man-made wetland (e.g., Synodontis velifer, Malapterurus electricus, and Auchenoglanis occidentalis) were generally less abundant in the wet and dry seasons and limited in their distribution. Farming activities, grazing intensity, water abstraction, and bush fires, were widespread in this site. Turbidity was equally high in both seasons, as were nutrient loads (phosphorus, ammonia, and nitrates). Fishes from this site survived low levels of nutrient loads, and showed a weak positive correlation with axis 1 (Figures 5  and 6 ). Fish communities in group II were from Nabogo and Adayili riparian systems and the shallow marshes of Tugu and Wuntori. Although species in this sites (e.g., Mormyrus rume, Bagrus bajad, Petrocephalus bovei, and Lates niloticus) were limited in their habitat distribution, their abundance were correlated with TDS ( = −0.40, < 0.05), calcium ( = −0.41, < 0.05), and conductivity ( = −0.41, < 0.05) along axis 2 ( Figure 6 ). High fish abundance at these sites reflects in their resilience to environmental disturbances like bushfires (Figures 5 and 6 ). Fish from group III were mainly from the deep marsh of Kubobila and dominated by Cichlids (e.g., Sarotherodon galilaeus, Oreochromis niloticus), Cyprinids (e.g., Labeo coubie), and Clariids (e.g., Clarias gariepinus). Surface water temperature did not significantly correlate with fish diversity and distribution, on axis 1 ( = 0.19, > 0.05) or axis 2 ( = 0.37, > 0.05) (Figures 5 and  6 , Table 3 ).
The first two axes of the PCA jointly explained 81.84% of the seasonal variation in the structural distribution, abundance, and diversity of fishes in relation to the environmental variables (Table 2 ). Since axes 1 and 2 (81.84%) cumulatively explained >50% of variations in fish community structure and diversity [29] , axis 3 correlation coefficient was not The red squares denote fish species, while the green circles denote sample sites. Environmental influences accounted for 69% of variations in fish community structure and distribution, while the remaining 31% was explained by a matrix of unidentified environmental and natural factors. interpreted. Eigenvectors generated by axes 1 and 2 were significant ( -score = 1.931; < 0.05; = 15) in influencing fish assemblage and diversity, following Monte Carlo permutation test. Environmental variables that caused maximum change in the six sites did not differ significantly ( = 0.158, df = 14, and = 0.98) (Figure 6 ).
Discussion
Our results revealed the direct and indirect influence of environmental disturbances on fish assemblages. High fish abundance and their structural distribution in Wuntori marsh and Adayili swamp forest systems were probably due to the migration of fish from the main course of the White Volta River into the wetlands via the tributaries, during cyclical inundation and the development of fish adaptive capacity to stress. We observed high diversity, richness, and abundance of the assemblage in Adayili forest swamp, although it contained lethal levels of ammonia (0.6-1.9 mg/L), which hitherto was lethal to fish survival and reproduction. Water temperature (29 ∘ C) and average pH of 6.4 were relatively low at this site. A toxic effect of high ammonia (NH 3 + ) concentration on fish occurs only in prevailing higher pH values (>7.0) and warmer temperatures ∼36 ∘ C in aquatic systems [30, 31] . Knepp and Arkin [32] observed that fish species can suffer gill damage even when ammonia levels are as low as 0.06 mg/L, while at 0.2 mg/L levels, sensitive fish like trout and salmon begin to die. Other factors like distance from the source, elevation, number of ponds, channel type, substratum type, and land use are key determinants that influenced littoral fish abundance [33] .
However, sites with low fish abundance (e.g., Tugu marsh and Bunlung constructed wetland) were probably a result of overfishing and broad scale disturbances such as farming, grazing activities, bushfires, and water chemistry, although less severe human-led activities and optimal physicochemical factors occur in the dry season and largely influenced fish abundances. Fish harvest in the wet season was prohibited (close season) to allow for spawning activities. Thus, only regulated fishing activities were permissible at a lesser spatiotemporal scale. Ayoola and Kuton [5] reported similar high abundance and biomass composition of fish species in the dry season, relative to the wet season in a Lagos lagoon. But Abban et al. [34] suggested that the lower fish abundance encountered in the wet season could be linked to the physical expansions of the wetlands found within the catchment of the White Volta River, where the current study was conducted.
Distribution of Bagrus bajad, Lates niloticus, Labeo coubie, and Brycinus macrolepidotus in preferred habitats was influenced by varied water quality parameters, bushfire, and grazing intensity. While species in the riparian systems appear to respond positively to turbid condition, we observed that species assemblages from the marshes and the constructed wetland were distributed along a longitudinal profile, with TDS, conductivity, nitrates, dissolved oxygen, water temperature, grazing intensity, and fire occurrence ( Figures  5 and 6 ). Using a similar ordination approach, Pires et al. [3] found that water depth, isolated pools, and cover segregated fish species in the streams of the Guadiana basin in Portugal. Flooding regime [6] and habitat size [35, 36] have also been reported as important natural drivers of change that structure fish assemblages in streams. These contrasting findings to the current study could be attributed to the varied response of species-specific to inherent ecological factors from different biogeographical zones (i.e., temperate to topical zones).
Though farming activities were widespread in this study, it did not directly influence fish distribution (as shown by a weak axes correlation in Table 1 ) but indirectly led to an increase in turbidity in the riparian and the constructed wetlands. Argent and Carline [37] observed the increased in agricultural activities as a major factor influencing fish structure subwatersheds in Pennsylvania. Levels of orthophosphate and nitrate were low across the sites and probably contributed to the high abundance of fishes. In spite of the low level of nutrient loads, they were spatially auto correlated with grazing intensity and farming activities, suggesting the direct influence of these human-led activities. Highly eutrophic conditions impair fish fecundity and abundance, compared to less eutrophic areas [38] .
Fish diversity indices at the six sites ( = 2.395 ± 0.366 and 2.354 ± 0.738) reflected a highly diverse fish community compared to findings by Quarcoopome et al. [39] in Bontanga ( = 1.55) and Libga ( = 2.36) artificial wetlands, which are located within the same catchment of the current study. This appears to suggest that open natural habitats, characterized by a complex food web, support diverse fish species, compared to the artificial systems. But further comparison of the indices in this study to Fernandes and Achuthankutty [40] in the Salcete Taluka wetlands at Goa, India ( = 2.08-4.27 and 2.23-4.28), shows that species in the Salcete Taluka wetlands are resilient to environmental perturbation and natural factors, or the systems are less impacted. The near 100% dominance of Sarotherodon galilaeus for the cichlids probably suggests their endemic nature in Northern wetlands, as a result of their broad scale tolerance to varying degrees of ecological stress conditions. This species may be considered as a suitable bioindicator candidate to impacts of wetland disturbances such as pollution and climate change. Similar observations on all year round dominance of Cichlids in the Lagos lagoon were documented by Ayoola and Kuton [5] .
Conclusion
Although fish abundance and diversity were reasonably high in Wuntori, Adayili, and Nabogo, their spatial distributions were limited. Seasonal variability in diversity, richness, and International Journal of Ecology 9 abundance was as a result of varied habitat conditions mediated by environmental disturbances such as farming activities and bushfires. Most species appeared to be tolerant to low nutrient loads and this partly contributed in the high abundance and diversity. Finally, the low nutrient loads also suggest that the wetlands were not polluted. The implication of these results suggests that wetland managers must consider instituting conservation measures to check land use activities that has tendency to cause future eutrophication condition. The implementation of these conservation measures could contribute to the increase and sustenance of fish population, which serve as a major source of livelihoods for the rural dwellers.
